In order to obtain the optimal combination of process parameters for vertical-faced polypropylene bottle injection molding, with UG, the model of the bottle was drawn, and then, one module and sixteen-cavity injection molding system was established and analyzed using Moldflow. For filling and maintaining pressure during the process of infusion bottle injection molding, the orthogonal test table L25 (5 6 ) using CAE was designed for injection molding of the bottle, with six parameters such as melt temperature, mold temperature, injection pressure, injection time, dwell pressure, and dwell time as orthogonal test factors. By finding the best combination of process parameters, the orthogonal experiment was completed, the results were analyzed by range analysis, and the order of influence of each process parameter on each direction of optimization was obtained. e prediction dates of the infusion bottle were gained under various parameters, a comprehensive quality evaluation index of the bottle was formulated, and the multiobjective optimization problem of injection molding process was transformed into a single-objective optimization problem by the integrated weighted score method. e bottle parameters were optimized by analyzing the range date of the weighted scoring method, and the best parameter combination such as melt temperature 200°C, mold temperature 80°C, injection pressure 40 MPa, injection time 2.1 S, dwell pressure 40 MPa, and dwell time 40 S was gained.
Introduction
Polypropylene infusion bottles are currently widely used to hold medical liquids since they have advantages such as better sealing properties, lighter weight, better heat resistance, easy to transport and preserve, and so on. Verticalfaced polypropylene bottles are the preforms used for blow molding, which are mainly produced and processed by injection molding process.
e best combination of process parameter for infusion preform injection of the infusion bottle can be obtained through the orthogonal experiment method, and the injection molding process of the bottle was simulated by using Moldflow to obtain the best combination of process parameters. Jiang-dong and Li-xin [1] completed the selection of injection molding machines, checked for parameters, and so on by Moldflow but did not analyze the impact of each factor to the mold. Ke et al. [2] used Moldflow to establish and analyze the injection mold casting system and obtained the best system but did not point out the factors that affect the casting. Zili et al. [3] applied the orthogonal algorithm to the injection molding process parameter design, selected the parameters for the green performance index, and also proved the feasibility of this method as an example but did not indicate how to optimize the parameters. Wei-ging et al. [4] used Moldflow to determine the best gating position of the mold and set the process parameters but did not indicate the impact of various parameters on the gate. Jin et al. [5] proposed a multiobjective robust design method for injection molding, which is based on the design of internal and external parameters, SNR analysis, and approximate ideal solution but did not draw the specific parameters of the injection molding process. Bo et al. [6] used warpage as quality index, obtained the optimum process parameters by the orthogonal experiment and range analysis methods, but only limited to thinwalled plastic parts. Fengli et al. [7] proposed a model of injection molding process multiobjective robust design and optimization algorithm but did not verify it. e quality of preforms directly affects the quality of blow-molded products; hence, studying the quality of preforms is crucial. e optimization of injection molding process parameters of vertical polypropylene preforms was studied, the optimal combination of process parameters was determined after the optimization of each evaluation index, and the injection molding process parameters of synthetic weighted method were simulated and verified. e parting surface of the mold is the surface formed by the contact of the closed-type core and the cavity. e selection of the parting surface has a direct influence on the determination of the mold structure. It is inseparable from the mold structure and the manufacturing process of the mold, and it directly affects the flow filling process of the molten plastic and the demolding process of the plastic parts. e choice of parting surface is crucial in the design of injection molds. When determining the parting surface of a plastic injection mold, various factors in the molding process need to be taken into consideration. For the parting surface selection, the following factors should be considered: the forming condition, pouring in mold system form, the structure of manufacturability and precision, insert position, shape, exit routes, and mold manufacturing, and the factors such as exhaust and operating process generally need to follow the following basic design principles when choosing a parting surface [9] : (1) the selection of parting surface is based on the contour shape; (2) the projected area of the plastic parts on the parting surface should be minimized; (3) the parting surface structure should be as simple as possible so as to design and manufacture the mold; (4) the selection of parting surface shall ensure the shape, size accuracy, and appearance requirements of the plastic parts; and (5) the parting surface shall be conducive to the stripping, side pumping, and exhaust of plastic parts. In the actual design process, the above principles should be satisfied as far as possible, and the parting surface should be reasonably selected.
Infusion Bottle Injection Mold Design
After considering the gating system state, the structure of plastic parts technology and accuracy, insert position, shape and withdrawal style, mold manufacturing, gas exhaust, operating process of the plastic parts in the mold, the graph of the bottle parting surface could be gained, as shown in Figure 1 [10] .
After determining the parting surface, the number and arrangement of cavities need to be taken into account. Figure 2 is the infusion bottle distributed in two-row and eight-column layout [11] . In order to ensure the quality of plastic products and the complexity of the molding process, after comprehensive analysis, the gating location was chosen as the bottom, and the best gating system was determined. Figure 3 shows the infusion bottle gating system [12] .
Design of Molding Parts for Injection Mold of Infusion
Bottle.
e molding parts of injection molds refer to the parts that form the mold cavity, usually including the core, the cavity, and various forming rods and forming inserts. e forming parts can be divided into the installation part and the working part. e installation part mainly supports and fixed the forming part, its surface roughness is generally Ra 1.6. e working part is in direct contact with the plastic parts, which is used to form the plastic parts [13] . e surface roughness is determined according to the requirements of the plastic parts, generally not higher than Ra 0.4 mm. When making the structure design of molding parts, on the one hand, one should check whether the qualified parts were obtained and, on the other hand, whether processing and manufacturing were facilitated and also note that as far as possible to save valuable mold material, in order to reduce the mold cost [14] .
Based on the personal experience of the engineer in mapping the structure of the shape and then in designing the injection mold of molding parts, traditional injection mold design is time-consuming and not economic. In the modern injection molding design, the structure of the plastic parts is usually designed and drawn by using 3D software. en, make a design drawing of its molded parts. e molding parts of injection molds designed by the modern methods are more accurate, time-saving, and cost-effective [15] . ere are two methods for the design of forming parts by using 3D software. One is to automatically model and adopt the modules in the 3D software, such as the Wizard in UG. e second is manual modeling, according to the structure of the plastic parts.
In this topic, the structure of infusion bottleneck parts is relatively simple, and the core, cavity, ejection mechanism, and core-pulling mechanism of the infusion bottle injection mold are mainly designed, and the molded parts are designed using UG software illustration. First of all, using UG to infusion bottle embryo structure modeling 3D model, its shrinkage rate is set at 3%; rough manual modeling method, mold design is performed, various modeling commands in UG are invoked, and the plastic parts are divided and molded by the summation and difference. In the end, the core and cavity are obtained, because the upper and lower parts of the infusion bottle are symmetrical, and the core cavity is the same [16] . e structure of the core cavity of the infusion bottle embryo core obtained by using UG is shown in Figure 4 .
Infusion Bottle Injection Mold Side
Core-Pulling Mechanism and Auxiliary Hydraulic System. Side core-pulling mechanism was designed to ensure smooth demolding, and this is shown in Figure 5 . is paper used hydraulic loose-core system, as shown in Figure 6 [17].
e Design of Infusion Bottle Mold Assembly Drawing.
It not only needs core, cavity, and core-pulling mechanism for a complete injection molding pattern, but also needs mold frame, gating system, cooling system, ejection mechanism, exhaust system to support it, and the final twodimensional engineering drawing is shown in Figure 7 [18]. e hydraulic core-pulling system of infusion bottle injection molding: 1, tank; 2, relief valve; 3, pressure gauge; 4, reversing valve; 5, dividing-combining valve; 6, hydraulic lock; 7, hydraulic cylinder; 8, speed control valve; 9, explosion-proof motor; 10, gear pump; 11, oil filter; and 12, refined oil filter. 
Orthogonal Experiment
In science experiment investigation, sometimes there are only one or two factors. Because there are few factors, the design of experiment, implementation, and analysis are relatively simple. However, in practical situation, there will be more influencing factors so that the scale of the experiment can be quite extensive [19] .
Orthogonal test is a method for seeking the best level combination with multiple factors and the minimum test times [16] . After considering the requirements of quality of the infusion bottle comprehensively, six process parameters were selected as the factors of orthogonal test: melt temperature, mold temperature, injection pressure, injection time, dwell pressure, and dwell time, which was marked as A, B, C, D, E, and F, respectively, with five levels (Table 1) .
After selecting the factors and the level of orthogonal test, the final orthogonal test table was selected according to the orthogonal experiment factors and the interaction between the factors. is paper selects the orthogonal test table of six factors and five levels. Table 2 shows the factor levels of the experiment.
e Analysis of Injection Molding Parameter Effect Tendency towards Infusion Bottle Sink
Index. According to the injection molding results shown in Table 2 , the influence level order of each process parameter towards the sink index was obtained as follows: melt temperature > mold temperature > injection time > dwell pressure > dwell time > injection pressure. Table 3 shows the range analysis of the sink index for each parameter.
, and K 5 denote, respectively, the sum of the sink index of each factor at five levels, k 1 , k 2 , k 3 , k 4 , and k 5 denote, respectively, the average of the sum of the sink index of each factor at five levels, and the range is R. e trend of each factor on the shrinkage index was drawn, as shown in Figure 8 . e optimal combination was obtained as follows: A1B5C3D5E4F5, when the melt temperature reached 200°C, mold temperature reached 80°C, the injection pressure was 40 MPa, the injection time was 2.1 S, the dwell pressure was 40 MPa, and the dwell time was 40 S. is combination of process parameters that approved in Moldflow is not included in the existing tests. e shrinkage index is −0.0709%, which shows the results have been optimized.
e Analysis of Injection Molding Parameter Effect Tendency towards Infusion Bottle Volumetric
Shrinkage. e range analysis of volumetric shrinkage for process parameter is shown in Table 4 , and the influence level order of each process parameter towards volumetric shrinkage was obtained as follows: melt temperature > injection time > dwell time-> injection pressure > dwell pressure > mold temperature.
e trend of each factor on volumetric shrinkage was drawn as shown in Figure 9 . e optimal combination was obtained as follows: A1B5C5D5E5F4, when the melt temperature reached 200°C, the mold temperature reached 80°C, the injection pressure was 50 MPa, the injection time was 2.1 S, the dwell pressure was 44 MPa, and the dwell time was 35 S. Moldflow is used to verify whether the volumetric shrinkage is 10.27%, which is close to the minimum value in the experimental group.
e Analysis of the Injection Molding Parameter Effect Tendency towards Infusion Bottle Residual Stress in Cavity in the First Direction.
e range analysis of the residual stress in cavity in the first direction by various process parameters is shown in Table 5 , and the influence level order of each process parameter towards the residual stress in cavity in the first direction was obtained as follows: dwell pressure > melt temperature > injection time > dwell time > mold temperature > injection pressure. e effect tendency graph of each factor towards residual stress in cavity in the first direction is shown in Figure 10 . e optimal combination was obtained as follows: A5B2C2D5E1F4, when the melt temperature reached 280°C, the mold temperature reached 35°C, the injection pressure was 28 MPa, the injection time was 2.1 S, the dwell pressure was 44 MPa, and the dwell time was 35 S. Moldflow is used to verify whether the result is 39.98 MPa, and the stress is smaller than any of the group of the orthogonal test.
e Analysis of Injection Molding Parameter Effect Tendency towards Infusion Bottle Residual Stress in Cavity in the Second Direction.
e range analysis of the residual stress in cavity in the second direction by various process parameters is shown in Table 6 , and the influence level order of each process parameter towards the residual stress in cavity in the second direction was obtained as follows: mold temperature > dwell pressure > melt temperature > dwell time-> injection pressure > injection time.
e effect tendency graph of each factor towards residual stress in cavity in the second direction is shown in Figure 11 . e optimal combination was obtained as follows: A5B1C4D5E2F5, when the melt temperature reached 280°C, the mold temperature reached 20°C, the injection pressure was 45 MPa, the injection time was 2.1 S, the dwell pressure was 32 MPa, and dwell time 40 S. Moldflow is used to verify whether the result is 50.50 MPa, and the stress is smaller than any of the group by the orthogonal test.
Optimization of Injection Molding
Parameters of Infusion Bottle
Design Variable.
e sink index, volumetric shrinkage, residual stress in cavity in the first direction, residual stress in cavity in the second direction as evaluation index were selected, which is a single-objective function of parameter optimization. e index of each parameter was evaluated M j � (0.4, 0.4, 0.1, 0.1) [20] .
Comprehensive Objective Function.
A comprehensive weighted objective function was established as follows:
where Y(i, j) is the evaluation index score value, Y * i is the comprehensive weighted score values, and M j is the experimental evaluation index weight.
From the results of the comprehensive weighted score as shown in Table 2 , it was found that, in the trial, the fifth group of trials had the lowest overall score, and Group 21 had the highest score. It can be seen that, in the bottle orthogonal experiment, the best parameters' combination was when the melt temperature reached 200°C, the mold temperature reached 80°C, the injection pressure was 50 MPa, the injection time was 2.1 S, the dwell pressure was 44 MPa, and the dwell time was 40 S. 
Analysis of the Range of Comprehensive Weighted Grading Method for Infusion Bottle Injection Molding.
e comprehensive weighted score values for each group by orthogonal experiments were calculated as shown in Table 2 , and thus, it could be obtained that Group 5 had the best combination property. As this was the only best combination of these 25 trials without taking into account these 25 groups outside the case, the range analysis of comprehensive weighted score of each level would be necessary, so as to obtain various levels of factors contributing to the overall performance. Table 7 shows the influence degree of each factor towards injection molding combination property.
According to the results of the above analysis, the influence level order of each process parameter on shrinkage index was follows as follows: melt temperature A > injection time D > mold temperature B > dwell time F > dwell pressure E > injection pressure C. From the analysis of range in Table 7 , the optimum combination of process parameters for injection molding of infusion bottle is when the melt temperature reached 200°C, the mold temperature reached 80°C, the injection pressure was 40 MPa, the inject time was 2.1 S, the dwell pressure was 40 MPa, and the dwell time was 40 S.
Simulation Verification
Setting the relevant process parameters of infusion bottle injection molding in Moldflow, the results of the injection molding simulation test can be obtained as the sink index was 0%, the volumetric shrinkage was 10.52%, the residual stress in cavity in the first direction was 52.45 MPa, and the residual stress in cavity in the second direction was 73.25 MPa, at which point the comprehensive performance is the best, as shown in Figures 12-15. 
Conclusions
From this study, the following conclusions can be drawn:
(1) According to the structure of infusion bottle embryo and process requirements, an infusion bottle Advances in Materials Science and Engineeringpreform mold was designed, the plastic parts were distributed by two rows and eight columns, and the hydraulics-assisted method was used to process the side core-pulling. (2) e orthogonal experiment table of L25 (5∼6) was designed, and the sink index, the volumetric shrinkage, the residual stress in cavity in the first direction, and the residual stress in cavity in the second direction as its performance evaluation index were selected. e influence level order of each process parameter on volume shrinkage was obtained as follows: melt temperature > injection time > dwell time > injection pressure > dwell pressure > mold temperature. 
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